
REMARKS 

In view of the above amendments and the following remarks, reconsideration of the 
rejections contained in the Office Action of February' 26, 2003 is respectfully requested. 

The Examiner has requested the Applicants' cooperation in reviewing and correcting the 
errors in the specification In view of the Examiner's request, the entire specification and abstract 
have been now reviewed and revised. As the revisions are quite extensive, the amendments to the 
specification and abstract have been incorporated into the attached substitute specification and 
abstract. For the Examiner's convenience, a copy of the marked-up original specification and 
abstract is also enclosed, and the marked-up pages are captioned " Version with markings to 
show changes made ." The substitute specification and abstract includes the same changes as are 
indicated in the marked-up copy of the original specification No new matter has been added by 
the revisions. Entry of the substitute specification is thus respectfully requested. 

The Examiner has rejected elected claims 1-18 in view of the prior art. In particular, the 
Examiner has rejected claims 1, 2, and 10 as being anticipated by the Moriyama reference (USP 
5,609,51 1), has rejected claims 3-9 and 1 1-18 as being unpatentable over the Moriyama reference 
in view of the Bibby reference (USP 6, 106,662) and the Arai reference (USP 5,099,614), and has 
rejected claims 1-18 as being unpatentable over the Birang reference (USP 5,708,506) in view of 
the Arai reference and the Bibby reference. However, original claims 1-19 (including elected 
claims 1-18) have been cancelled and replaced with new claims 20-75, including new independent 
claims 20, 24, 29, 34, 42, 48, 53, 63, and 70, and it is submitted that all of the claims are directed 
to the elected invention As discussed during the interview of May 13, 2003, it is respectfully 
submitted that new claims 20-75 are clearly patentable over the prior art of record for the reasons 
discussed below. 

New independent claims 20, 34 and 53 are directed to a method and apparatus for 
measuring the thickness of a film on a substrate, in which light-transmitting liquid is supplied and 
recovered in parallel directions In particular, new independent method claim 20 recites that the 
light-transmitting liquid is supplied toward the film in a supply direction, and that light- 
transmitting liquid is recovered such that the liquid flows in a recovery direction, wherein the 
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recovery direction is parallel to the supply direction Similarly, new independent claims 34 and 53 
recite that a film thickness measurement component includes a first conduit for supplying light- 
transmitting liquid in a supply direction, and a second conduit for recovering the light-transmitting 
liquid such that the light-transmitting liquid flows in a recovery direction, wherein the recovery 
direction is parallel to the supply direction 

The method and arrangement of the present invention as recited in new independent claims 
20, 34 and 53 provide several significant advantages. Firstly, because the supply direction is 
parallel to the recovery direction (as illustrated in, for example, the various embodiments of 
Figures 1 1 and 13-15 of the present application), the overall size of the apparatus for measuring 
the thickness of the film can be made much smaller. Secondly, this arrangement prevents dilution 
of the slurry material used during polishing. In particular, a liquid slurry mixture, including 
abrasive particles, is used for polishing the film surface as illustrated in, for example, Figure 23. 
In order to ensure effective polishing of the film surface, the slurry mixture must maintain a 
certain concentration level of abrasive particles. However, if the light-transmitting liquid is 
supplied to the surface of the film and allowed to spread or travel along the surface of the film as 
shown, for example, in Figure 1, the light-transmitting liquid will mix with (and eventually dilute) 
the slurry mixture, thereby decreasing the polishing efficiency and the uniformity of the polished 
surface. Thus, due to the arrangement of the present invention as recited in new independent 
claims 20, 34, and 53, film thickness measurement and polishing of the film can be conducted 
simultaneously, while maintaining the polishing efficiency and uniformity. 

The Moriyama reference, the Birang reference, and the Arai reference disclose methods 
and apparatuses in which light or ultrasonic waves are transmitted through a fluid toward a 
surface. However, none of these references disclose or even suggest supplying a light- 
transmitting liquid toward a film surface in a supply direction, and recovering the light- 
transmitting liquid in a recovery direction substantially parallel to the supply direction. In 
contrast, the Moriyama reference does not disclose or suggest any recovery of the liquid/slurry 
mixture 22, 32. The Birang reference clearly discloses that a gas 46 (rather than a liquid) flows 
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along the surface of the substrate 30, and the Arai reference discloses that the liquid inlet 7 is 
arranged at approximately a 90° angle with respect to the liquid outlet (see Figure 6) 

The Bibby reference discloses a method and apparatus for endpoint detection, but does 
not disclose or suggest supplying a light-transmitting liquid towards a film to be measured, or 
recovering the light-transmitting liquid Consequently, the Moriyama reference, the Birang 
reference, the Arai reference, and the Bibby reference do not , either alone or in combination, 
disclose or suggest the supply and recover)' of the light-transmitting liquid as recited in new 
independent claims 20, 34, and 53 Accordingly, it is respectfully submitted that these new 
independent claims, and the claims that depend therefrom, are clearly patentable over the prior art 
of record. 

New independent claims 24, 42, and 63 are directed to a method and apparatus for 
measuring a thickness of a film, in which light for detecting the film thickness is emitted from at 
least one optical fiber arranged within a conduit In particular, new independent method claim 20 
recites that light-transmitting liquid is supplied through a nozzle towards the film, and light is 
emitted from at least one optical fiber arranged within the nozzle so that the distal end of the 
nozzle (i.e., the end of the nozzle closest to the film) is closer to the film than the distal end of the 
at least one optical fiber Similarly, new independent apparatus claims 42 and 63 recite that an 
apparatus includes a conduit for supplying light-transmitting liquid towards the film, and includes 
at least one optical fiber arranged within the conduit so that the distal end of the conduit (i.e., the 
end of the conduit closest to the film) is closer to the film than the distal end of the at least one 
optical fiber. 

The present invention as recited in new independent claims 24, 42, and 63 provides several 
significant advantages Firstly, because the optical fiber is arranged within the conduit, the light 
travels through the light-transmitting liquid continuously betw een the distal end of the optical 
fiber and the film surface Therefore, distortion of the light due to, for example, refraction can be 
avoided so as to improve the accuracy of the measurements Secondly, because the distal end of 
the nozzle is closer to the film than the distal end of the at least one optical fiber, the possibility of 



- 17 - 




the distal end of the optical fiber contacting and possibly damaging the surface of the film is 
significantly reduced or eliminated 

The Moriyama reference, the Birang reference, and the Arai reference do not disclose or 
suggest optical fibers for emitting and receiv ing light The Bibby reference discloses an optical 
fiber 1 18, but does not disclose or suggest a conduit or nozzle for supplying light-transmitting 
liquid towards a film to be measured and, therefore, also does not disclose or suggest that the 
optical fiber is arranged within the conduit. Therefore, because the Moriyama reference, the 
Birang reference, the Arai reference, and the Bibby reference do not disclose or even suggest an 
optical fiber arranged within a conduit so that a distal end of the conduit is closer to the film than 
a distal end of the optical fiber, one of ordinary skill in the art would not be motivated to modify 
or combine the references so as to obtain the present invention as recited in new independent 
claims 24, 42, and 63 Accordingly, it is respectfully submitted that new independent claims 24, 
42, and 63, and the claims that depend therefrom, are clearly patentable over the prior art of 
record. 

New independent claims 29, 48, and 70 are directed to a method and apparatus for 
measuring a thickness of a film on a substrate, in which a conduit is arranged so as to form a gap 
between a distal end of the conduit and a polishing surface for polishing the film. In particular, 
new independent claim 29 recites that light-transmitting liquid is supplied through a nozzle 
towards the film, and light is emitted from at least one optical fiber arranged within the nozzle, 
wherein the nozzle is arranged so as to form a gap between a distal end of the nozzle and a 
polishing surface. Similarly, new independent apparatus claims 48 and 70 recite that the 
apparatus includes a conduit for supplying light-transmitting liquid towards the film, and includes 
at least one optical fiber arranged within the conduit, wherein the conduit is arranged so as to 
form a gap between a distal end of the conduit and a polishing surface 

The present invention as recited in new independent claims 29, 48, and 70 provides several 
significant advantages Firstly, as discussed above with respect to new independent claims 24, 42, 
and 63, because the at least one optical fiber is arranged within the nozzle, the light travels 
through the light-transmitting liquid continuously betw een the distal end of the optical fiber and 
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the film surface. Therefore, distortion of the light due to, for example, refraction can be avoided 
so as to improve the accuracy of the measurements Secondly, because the conduit (or nozzle) is 
arranged so as to form a gap between a distal end of the conduit and the polishing surface, the 
possibility of damaging the surface of the film due to contact with the distal end of the conduit is 
significantly reduced or eliminated 

As explained above, with respect to new independent claims 24, 42, and 63, the Moriyama 
reference, the Birang reference, the Arai reference, and the Bibby reference do not disclose or 
even suggest an optical fiber arranged within a conduit In addition, those references also do not 
disclose or suggest a conduit arranged as recited in new independent claims 29, 48, and 70. 
Therefore, one of ordinary skill in the art would not be motivated to modify or combine these 
references so as to obtain the invention recited in new independent claims 29, 48, and 70. 
Accordingly, it is respectfully submitted that new independent claims 29, 48, and 70, and the 
claims that depend therefrom, are clearly patentable over the prior art of record. 

In view of the above amendments and remarks, it is submitted that the present application 
is now in condition for allowance. However, if the Examiner should have any comments or 
suggestions to help speed the prosecution of this application, the Examiner is requested to contact 
the Applicant's undersigned representative. 



WDH/gtg 

Washington, D C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 27, 2003 



Respectfully submitted, 



Toshifumi KIMBA et al. 




W. Dpdglas Hahm 
Registration No. 44,142 
Attorney for Applicants 
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RATE FILM THICKNESS MEASUREMENT METHOD, 
RATE FILM THICKNESS MEASUREMENT APPARATUS 
AND SUBSTRATE PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 
5 The present invention relates to a method and an 

apparatus for measuring the thickness of a film on a 
substrate, and a substrate processing apparatus utilizing 
the same. The method and apparatuses of the present 
invention can be advantageously employed especially in 
10 effecting real-time detection and monitoring of a film 

thickness of a substrate on a side being processed during 
processing. It should be noted that "measurement of a film 
thickness of a substrate'' in the present invention means 
not only measurement of a film thickness of a substrate, 
15 but also detectio/f^grj observation of a condition of the 

substrate, such as ^presence or absence of a metallic thin 
film formed on the^substrate . 

As a conventional technique of the above-mentioned 
type, Unexamined Japanese Patent Application Public 
20 Disclosure (Kokal) No. 7-251371 discloses the technique of 
emitting light from a distal end of a glass fiber t^Ka 
measurement surface of a substfat^siuring polishing jand 
receiving the light reflected by the n\ esLSU ^ em ^ nt surface 
through the glass fib^r^ Wh4reh^guides/the reflected light 
25 to a film thickness measTTrem^nf control unit. 

In the above-mentioned technique of emitting and 
receiving light through a glass fiber, a measurement error 
is likely to occur due to the presence of drops of liquid 
formed on the substrate during polishing. Further, it is 
30 required to strictly control the distance between the 

distal end of the glass fiber and the measurement surface 
of the substrate. 

Unexamined Japanese Patent Application Public 
Disclosure (Kokai) No. 10-264017 discloses the technique of 
35 placing a polished substrate in a cleaning liquid in a 

cleaning tank , inserting a distal end of an optical fijier 
* into the cleaning liquid and bringing it to a position^ 
the vicinity of a measurement surface of a substrate^ 
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by emitting light to the measurement surface \dnd 
introducing the light reflected by the measurement Efface 
through the optical fiber to a film thickness detection 
apparatus . 

In the above-mentioned method of placing the distal 
end of the optical fiber in the cleaning liquid, it is 
necessary to control the distance between the distal end of 
the optical fiber and the measurement surface of the 
substrate. Further, a large apparatus is required. — 
SUMMARY OF THE INVENTION 

In view of the above, the present Invention has 
been made. It is an object of the present invention to 
provide a method and an apparatus for measuring the 
thickness of a film formed on a substrate, and a substrate 
processing apparatus utilizing the same, which have simple 
arrangements and are capable of effecting real-time and 
highly accurate measurement of a film thickness of a 
substrate during processing, such as polishing. 

In accordance with an aspect of the present invention, 
there is provided a method for measuring a thickness of a 
film on a substrate comprising directing a Jet of a light- 
transmitting liquid towards the film to form a column of 
the light-transmitting liquid reaching the film, directing 
a light through the column of the light- transmitting liquid 
towards said film, receiving the light reflected from the 
film through the column of the light-transmitting liquid, 
and measuring the thickness of said film upon receipt of 
the light reflected from the film. The diameter of the 
column may be uniform. 

In accordance with another aspect of the present 
invention, there i s^ provided an appara tus for measuring a 
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emitting (flight toward the film through the 
light- transmitting liquid, and a light 
eceiving the light reflected from the film 
through the column of the light- transmitting liquid to 
enable measurement of the thickness of the film on the 
basis of the l ight r-^f lect-Ari 
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Alternatively, the first conduit may be~~prdvlded with 
a light transmitting member such a lens liquid- tightly 
separating the inside and outside of the first condui^) 
and an optical system provided outside the first conduit 
and optically connected to the first conduit so as to 
directs/light from the optical system through the light 
transmitting member provided on the first conduit so that 
the optical system can direct the light towards the film 
through the first conduit and the column of the light 
ansmitting liquid. The first conduit may further 
ovided with an optical system provided outside the first 
conduit and optically connected to the conduit so as to 
receive the light reflected from the film through the 
column of the light-transmitting liquid, the first conduit 
and the light transmitting member . 

The film thickness measurement apparatus may further 
comprise a second conduit insidB^wnich the first conduit is 
positioned so that the second conduit receives the light - 
transmitting liquid which has impinged on the film and 
radially spread. The second conduit may be connected to a 
pump to draw the light transmitting liquid spread radially. 

In accordance with a further aspect of the present 
invention , there is provided an apparatus for treating a 
substrate bearing a film on the surface of the substrate 
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comprising a holder for holding a semiconductor wafer, and 
a film thickness measurement device constructed as stated 
above. The substrate treating apparatus may/^)a polishing 
apparatus for polishing a substrate. The polishing 
apparatus comprises a turntable having a polishing surface 
and a substrate holder for keeping a substrate in contact 
with the polishing surface to polish the substrate, in 
which the flirSt arid second conduits are provided through 
the turntablje^^h^ second conduit opens at the polishing 
surface so akv^to^be sealed from the outside thereof by the 
polishing surf ac^ an^pged with the substrate, and the first 
conouit has thel^^o/fend spaced from «Te ^ubstrate engaging 

the polishing surface. There mkyvh/ provided a 
plurality of sets of the first and second conduits. 

When the diameter of the column of the light- 
transmitting liquid is made uniform, the size of a 
measurement spot formed on the film or measurement surface 
determined, regardless of the distance between the 
ejfd of the first conduit, through which the light- 
smitting liquid is emitted towards the film, and the 
film . 

In accordance with a further aspect of the present 
invention, there is provided an apparatus for polishing a 
substrate comprising a tu^ntVble having a polishing — ^uocface 
and an axis _i>tJr ro.r^feaoiv^ 
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measurement device comprisaSfrg/ a light^^erftitter for emitting 

light toward the film, a light receiver for receiving the 
light reflected from the film to enable measurement of the 
thickness of the film on the basis of the light reflected 
from the film, and an optical system having an optical path 
extending through the turntable from the center of the 



turntabli 



a\ predetermined radial^Txpsition in the 



turntab le^ th 




r^the/ optical path includ^/ a proximal end / ^. 
opening ^n_t>ie polishing surface and extending axlallyj and 
a distal end opening in the polishing surface at the 
predetermined radial position so that the light from the 



- 5 - 



llglit emitter- is introduced into the optical path through 
the proximal end, lead to the distal end and directed to 
the film and the light reflected from the film is returned 
to the proximal end to exit the optical path to enable the 
5 optical receiver to receive the reflected light. 

The foregoing and other objects, features and 
advantages of the present invention will be apparent from 
the following detailed description and appended claims 
taken in connection with the accompanying drawings. 
10 In the following detailed description, certain 

specific terminology will be employed for the sake of 
claxitj^^nd a particular embodimen($^^ i n a c q e gdoflce 

understood that the same is not intended to be limiting and 
15 should not be so constructed inasmuch as the invention is 

capable of taking many forms and variations within the 

scope of the appended claims . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an example of a general arrangement of a 
20 substrate film thickness measurement apparatus of the 

present invention _ 

Fig. 2 shows an example of a general arrangement of a 

substrate film thickness measurement apparatus of the 

present invention . 

2 5 Fig. 3 shows an example of an arrangement of a 

measurement calculation unit of a substrate film thickness 

-measurement— apparatus- of - the - present* -invention - . 

Fig . 4 shows an example of a general arrangement of a 
substrate film thickness measurement apparatus of the 

3 0 present invention . 

Fig. 5 shows a flow of a film thickness calculation 
operation of a substrate film thickness measurement 
apparatus of the present invention . 

Fig. 6 shows a flow of a film thickness calculation 
3 5 operation of a substrate film thickness measurement 
apparatus of the present invention . 
■* Fig, 7 shows a flow of a film thickness calculation 

operation of a substrate film thickness measurement 
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apparatus of the present Invention. 

Fig. 8 shows a flow of a film thickness calculation 
operation of a substrate film thickness measurement 
apparatus of the present invention. 
5 Pig. 9 shows an example of an arrangement of a 

measurement calculation unit of a substrate film thickness 
measurement apparatus of the present invention. 

Fig. 10 shows an example of a general arrangement of 
a substrate film thickness measurement apparatus of the 
10 present invention . 

Fig. 11 shows an example of an arrangement of a 
substrate polishing apparatus in which a substrate film 
thickness measurement apparatus of the present invention is 
provided. 

15 Fig. 12 shows the substrate polishing apparatus as 

viewed in a direction indicated by arrows Y , Y in Fig. 11. 

Fig. 13 shows an example of an arrangement of a 
substrate polishing apparatus in which a substrate film 
thickness measurement apparatus of the present invention is 

20 provided. 

Fig. 14 shows an example of an arrangement of a 
substrate polishing apparatus in which a substrate film 
thickness measurement apparatus of the present Invention is 
provided . 

25 Fig. 15 shows an example of an arrangement of a 

substrate polishing apparatus in which a substrate film 
thickness measurement apparatus of the present Invention is 
provided. 

Fig. 16 shows the substrate polishing apparatus as 
30 viewed in a direction indicated by arrows Y , Y in Fig. 15. 

Fig. 17 shows an example of an arrangement of a 
substrate polishing apparatus in which a substrate film 
thickness measurement apparatus of the present invention is 
provided (a view corresponding to Fig. 16). 
35 Fig. 18 shows an example of an arrangement of a 

substrate polishing apparatus in which a substrate film 
* thickness measurement apparatus of the present invention is 
provided (a view corresponding to Fig. 16). 
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Fig. 19 shows an example of an arrangement of a 
substrate polishing apparatus in which a substrate film 
thickness measurement apparatus of the present invention is 
provided. 

5 Fig. 20 shows an example of an arrangement of a 

substrate polishing apparatus in which a substrate film 
thickness measurement apparatus of the present invention is 
provided . 

Fig. 21 is a graph indicating a spectral reflectance 
10 ratio of a portion having a measurement film and a spectral 
reflectance ratio of a portion having no measurement film. 

Fig. 22 is a graph showing an evaluation function of 
a theoretical value and an actual measurement value of a 
spectral reflectance ratio with respect to a film thickness 
15 Fig. 23 shows an example of an arrangement of a 

substrate cleaning apparatus in which a substrate film 
thickness measurement apparatus of the present Invention is 
provided . 

Fig. 24 shows an arrangement of an interior of a 
20 cleaning liquid nozzle of the substrate cleaning apparatus 
of Fig. 23. 

Fig. 2 5 shows an example of an arrangement of a 
substrate cleaning apparatus in which a substrate film 
thickness measurement apparatus of the present invention is 
25 provided. 

Fig. 26 shows an example of an arrangement of a 
substrate processing apparatus of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention are described 
30 below, with reference to the drawings. Fig. 1 shows a 
general arrangement of a substrate film thickness 
measurement apparatus of the present invention. In Fig. 1, 
reference numeral 1 denotes a substrate having a thin film 
2 formed thereon. Reference numeral 5 denotes a jet nozzle 
35 for ^nppi^-ing a je^ q£ water in a cylindrical form onto a 



surfaces ,2a of the substrate 1 on-Ta, side to be processed!' 
Respective' distal endVportions or^kn l i ' S-radi a tioii Vf ib^x^. 




- 8 - 



nozzle 5 . 

In the above-mentioned substrate film thickness 
measurement apparatus , pressurized water 6 is supplied 
to the Jet nozzle 5. A water Jet 4 is supplied in a 
cylindrical form having a small diameter from a distal 
end of the Jet nozzle 5 onto a predetermined position on 
the surface 2a of the substrate 1, to thereby form a 
measurement spot 3. In this state, light is emitted /rom a _ 
measurement calculation unit 9 through the irradiatibn 1 



10 fiber 7 into the water Jet 4, The light passes througn~the— 
water Jet 4 to a measurement surface in the measurement 
spot 3 on the substrate 1. It is preferred that an optical 
axis of the light passing through the water Jet 4 be 
substantially perpendicular to the measurement surface, in 

15 terms of a structure of the apparatus. If desired, the 
optical axis may be positioned obliquely relative to the 
measurement surface, as long as the light (from the 
irradiation fiber) reflected by the measurement surface can 
be received by the light -receiving fiber 8. 

20 The reflected light from the surface 2a is guided 

through the water Jet 4 and the light -receiving fiber 8 to 
the measurement calculation unit 9 . In the measurement 
calculation unit 9, the thickness of the film 2 is measured, 
based on the reflected light. An inner surface of the Jet 

25 nozzle 5 is mirror-finished so that the emitted light and 
the reflected light are efficiently guided to the 
irradiation fiber 7 and the light -receiving fiber 8, 
respectively . 

In some cases, water does not smoothly flow on the 

30 measurement surface where the water Jet 4 makes contact 
with the film 2 , whereby the measurement spot 3 becomes 
unstable. Therefore, as shown in Fig. 2, it is preferred to 
provide a draining member 38 in a spiral form which extends 
from the jet nozzle 5 to the measurement spot 3 on the film 

35 2 so as to enable smooth discharge of water after contact 
with the film 2 . A means to enable smooth discharge of 

* water may be provided when the water jet 4 is positioned 
obliquely relative to the substrate or in a mechanism in 
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which the water jet 4 is supplied in an upward or downward 
direction. As the draining member, a member such as 
shown in Figs. 2 and 4 having a spring-like configuration 
and utilizing a surface tension of water can be used. 
5 Alternatively, a suction nozzle which surrounds the Jet 

nozzle 5 may be used, although such a suction nozzle is not 
shown . 

In the above-mentioned substrate film thickness 
measurement apparatus, when the distance between the distal 

10 end of the jet nozzle 5 and the surface 2a is small (an 

experiment has been conducted by setting the inner diameter 
of the jet nozzle 5 to 700 pun and the length of the water 
jet 4 to 30 mm or less), the diameter of the water jet 4 is 
substantially uniform. Therefore, the size of the 

15 measurement spot 3 on the surface 2a is determined, 

regardless of the distance between the respective distal 
ends of the jet nozzle 5 and the irradiation fiber 7 and 
the surface 2a. thus eliminating the need to effect strict 
control of the above-mentioned distance - 

20 Fig. 3 shows an arrangement of the measurement 

calculation unit 9 . The measurement calculation unit 9 in 
this example is used when the film 2 on the substrate 1 is 
an oxide film [such as a silicon oxide (SiC>2) film]. In 
Fig. 3, light emitted from a halogen light source 10 passes 

25 through a first lens 11 and enters the Irradiation fiber 7. 
The light then passes through the distal end of the 
irradiation fiber 7 and the water jet 4 (see Fig. 1) and is 
transmitted to the surface 2a of the substrate 1. The 
light reflected by the surface 2a is guided through the 

30 light-receiving fiber 8 and a second lens 12 and reaches a 
diffraction grating 13, where the light is dispersed. The 
dispersed light is detected by a CCD line sensor 14 as a 
spectral reflection intensity relative to the wavelength. 
An A/D converter 15 converts the spectral reflection 

35 intensity into a digital signal, which is transmitted to a 
calculation unit 16. 

In the substrate film thickness measurement 
apparatus in Figs. 1 and 2, two optical fibers, namely, the 
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irradiation fiber 7 and the light-receiving fiber 8. are 
inserted Into the jet nozzle 5. However, as shown in Fig. 
4, a single irradiatlon/light-recelving synthetic fiber 39 
may be inserted into the Jet nozzle 5. 

In Fig. 4, reference numeral 40 denotes a beam 
splitter; 41, 42 and 43 lenses; 44 an irradiation fiber; 
and 45 a light-receiving fiber. Light from the measuremen 
calculation unit 9 is emitted to the measurement surface 
the measurement spot 3 on the substrate 1 through the 
irradiation f lber^jTThJ^^s 42, the beam splitter 40, 
the\ lens 4 1 . the^ ■= 1 - - 

v J^>oer 39 and the water 3^t 4. The light reflected by 

the measu rement surface is guided to the measurement 
^^culatior^ unit 9 through the water jet 4, the 
15 \ ^imaiJt^ /light-receiving synthetic fiber 39, the lens 41, 
the beam splitter 40, the lens 43 and the light -receiving 
fiber 45 . 

To measure the film thickness of the substrate, a 
spectral reflectance ratio is preliminarily determined 
with respect to the substrate 1 having no thin film formed 
thereon. While the substrate 1 is processed, the apparatus 
is mechanically controlled so that a predetermined 
measurement point is periodically measured, to thereby 
conduct measurement of the spectral reflectance ratio of 
25 the thin film periodically at the predetermined measurement 
point . 

Figs, 5 to 8 show flow charts of a film thickness 
calculation operation by the substrate film thickness 
measurement apparatus of the present invention. Referring 
0 to Fig. 5, a spectral reflectance ratio S(X) is determined 
from a spectral reflection intensity of a measurement point 
on the substrate (a portion having a film formed thereon) 
(see a curve a of Fig. 21) (step STl), and a spectral 
reflectance ratio R(X) is determined from a spectral 
5 reflection intensity of a portion having no film formed 
thereon (see a curve h of Fig. 21) (step ST2). Then, a 
* spectral reflectance ratio of the film [= a measurement 

profile R™ aa (M] is determined by division [R Bftaa (X) = S(X)/ 



20 



R(X)] (see a curve q of Fig. 21) (step ST3 ) . X represents 
an optical wavelength. The curves a, and h in Fig. 21 are, 
for- example, curves obtained when the reflected light 
exhibits a continuous spectrum with respect to the 
wavelength in the case of a halogen lamp being used as 
an incident light source . 

In order to determine a film thickness D, a variable 
d of the film thickness is varied within a range of from dl 
to d2 which is considered as including an actual film 
thi^ekbess. First, d is Initialized (d = dl) (step ST4 ) , 



value Ed of the sum of squares of a difference between a 
theoretical value R CAlo (X) and an actual measurement value 
R m** a (M of the spectral reflectance ratio at a selected 
value d, to thereby obtain an evaluation function E(d) 
(step ST5). A minimum measurement unit Ad is added to d 
(d = d + Ad) (step ST6 ) . Subsequently, an inquiry is made 
with regard to whether or not £ is equal to or smaller than 
d2 (d ^ d2) (step ST7 ) . If the answer is YES (d ^ d2 ) , 
the program returns to step ST5, and steps ST6 and ST7 are 
repeated. 



E n«w(<*) of the sum of squares of a difference between a 
theoretical spectral reflectance ratio R calc (Xe) and the 
spectral reflectance ratio when the measurement profile is 
1 [S(Xe)/ R(Xe) = 1], which evaluation function E n „ w (d) is 
preliminarily determined in step ST8 , a value PE(d) 
corresponding to a signal derived from the film thickness 
is obtained, in accordance with the formula PE(d) « 
E(d)/E now (d) (step ST9). The film thickness d which 
minimizes the value of PE(d) expressed as a ratio of the 
evaluation functions is determined as the film thickness D 
(see Fig. 22) (step ST10). In this example, the film 
thickness D is about 460 nm as indicated in Fig. 22. In 
an actual operation, the film thickness D is determined 
automatically by the calculation unit 16 in accordance with 
comparison calculation of the film thickness d which 
minimizes the value of PE ( d) expressed as a ratio of the 




termination is made with respect to an evaluation 



If the answer is NO, from an evaluation function 



evaluation functions, without producing such a graph as 
shown in Fig. 22. 

Fig. 6 shows a flow chart of an operation in step 
ST5 in Fig. 5 for determining the evaluation value Ed 
from the sum of squares of a difference between the 
theoretical value R^ lc (X) and the actual measurement value 
R moa. (X) of spectral reflectance ratio at a selected film 
thickness d in a measurement wavelength range of from Xl t 
X2 and obtaining the evaluation function E(d). First, 
initialization is conducted for varying the wavelength X i 
the measurement wavelength range of from Xl to X2 (X = XI, 
Ed = 0) (step ST11) . 

Next, the evaluation value Ed Is determined in 
accordance with the following calculation (step ST12). 
Determination is made with regard to the sum of squares of 
a difference between the theoretical value R aaIc (X) and the 
actual measurement value (X) at the selected film 

thickness 

EX - [R^CM - R calc (X)]* 
Ed = Ed + E x 

When it is assumed that an absorption coefficient is 
zero, the theoretical value R calc (X) can be determined in 
accordance with the following formula. 

R a a ic(M = rl 2 + r2 2 + 2 x rl x r2 x cosS, 
wherein 

rl = (l-nl)/(l+nl) ; 
r2 = <l-nb)/(i+nb) ; 
6 = 4Jtnld/X; 

nl: index of refraction of the film; 

nb: index of refraction of the substrate; 

d; film thickness; and 

X: measurement wavelength range (Xl to X2 ) . 

Subsequently, a resolution AX in a direction of the 
measurement wavelength range is added to X (X « X + AX) 
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(step ST13). Subsequently, an inquiry Is made with regard 
to whether or not X is equal to or smaller than X2 (X ^ X2) 
(step ST14). If the answer is YES (X ^ X2 ) , the program 
returns to step ST12 and steps ST13 and ST14 are repeated. 
5 If the answer is NO, the evaluation value Ed is assigned to 
the evaluation function E(d) [E(d) - Ed] (step ST15), and 
the program advances to step ST6 in Fig. 5. 

Fig. 7 shows a flow chart of an operation in step ST8 
in Fig. 5 for determining the evaluation function E now (d) of 

10 the sum of squares of a difference between the theoretical 
spectral reflectance ratio R oalo (Xe) and the spectral 
reflectance ratio when the measurement profile is 1 [S(Xe)/ 
R(Xe) = 1] in a film thickness selecting range (dl ^ d ^ 
d2). In Fig. 7, in steps ST21 to ST23, it is assumed that 

15 the spectral reflectance ratio S(Xe) of a portion having 
the film formed thereon and R(Xe) of a portion having no 
film formed thereon are equal to each other so that the 
measurement profile Is 1 [S(Xe)/ R(Xe) « 1]. 

The film thickness variable d is varied within the 

20 range of from^dl to d2 which is considered as including an 
actual f ilm Vtfhidkness . First, d is initialized (d = dl) 
(step ST24 )/. ^ Determination is made with respect to an 
evaluation Va>de E new d of the sum of squares of a difference 
between the theoretical value R oalo (Xe) and the spectral 

25 reflectance ratio when the measurement profile is 1 [S(Xe)/ 
R(Xe) = 1] at a selected film thickness to thereby 
obtain an evaluation function E n .„(d) (step ST25 ) . The 
minimum measurement unit Ad is added to d (d = d + Ad) 
(step ST26), Subsequently, an inquiry is made with regard 

30 to whether or not d Is equal to or smaller than d2 (d ^ 
d2) (step ST27). If the answer is YES (d ^ d2 ) , the 
program returns to step ST25, and steps ST26 and ST27 are 
repeated. If the answer is NO , the program advances to 
step ST9 in Fig. 5 (exits a SUB2 function) . 

35 Fig. 8 shows a flow chart of an operation in step 

ST25 in Fig. 7 for determining the evaluation value E naw d of 
„ the sum of squares of a difference between the theoretical 
spectral reflectance ratio R calc (Xe) and the spectral 
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reflectance ratio when the measurement profile is 1 [S(Xe)/ 
R(Xe) - 1] at the selected film thickness & in the 
measurement wavelength range of from Xl to X2 and obtaining 
the evaluation function E new (d). First, initialization is 
conducted for varying the wavelength Xe in the measurement 
wavelength range of from Xl to X2 (Xe = Xl , E nftW d - 0) (step 

Determination is made with respect to the sum of 
squares of a difference between the theoretical value 
R o*ic(Xe) and the spectral reflectance ratio when the 
measurement profile is 1 [S(Xe)/ R(Xe) « 1] at the selected 
film thickness d (step ST32). 

Ex* - [R ca ic(Xe)-l] 2 
15 E ftew d = E new d + E Xtt 

When It is assumed that the absorption coefficient is 
zero, the theoretical value R calo (Xe) can be determined in 
accordance with the following fonnula. 

20 

Rcaic(Xe) = rl 2 + r2 2 + 2 x rl x r2 x cosS, 
wherein 

rl = (l-nl)/(l+nl) ; 
r2 = (l-nb)/(l+nb) ; 
25 S = 4Jtnld/Xe; 

nl: index of refraction of the film; 

nb: index of refraction of the substrate; 

d: film thickness; and 

Xe: measurement wavelength range (XI to X2 ) . 

30 

Subsequently, the resolution AX in a direction of the 
measurement wavelength range is added to Xe (Xe = Xe + AX) 
(step ST33), Subsequently, an inquiry is made with regard 
to whether or not Xe is equal^to or smaller than X2 (Xe ^ 

35 \2) (step ST34). If the an^wer\ls YES (Xe ^X2 ) , the 

program returns to step ST3 2jana steps ST33 and ST34 are 

« repeated. If the answer- is NO/ the evaluation value E now d 
is assigned to the evaluation function E n9W (d) [E nov (d) = 
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E no*d] (step ST35), and. the program advances to step ST26 in 
Fig. 7 (exits a. SUB3 function). 

Fig. 9 shows the measurement calculation unit 9 
arranged for detecting a condition of a substrate being 
processed when a metallic film Is formed on the substrate. 
In Fig. 9, light emitted from the halogen light source 
10 is transmitted through the first lens 11 and the 
irradiation fiber 7 , and is emitted from the distal end of 
the irradiation fiber 7 through the water jet 4 to the 
measurement surface of the substrate 1 . The light 
reflected by the measurement surface passes through the 
light-receiving fiber 8 and the second lens 12, and is 
guided to a light intensity detecting element (such as a 
photodiode) 17. In the light intensity detecting element 
15 17, the light is detected as a light intensity, which is 

converted into a digital signal by an A/D converter 18 and 
transmitted to the calculation unit 16. 

When the metallic film has a large thickness, most 
of the light is notjj^smitted through but is reflected 
20 by the film. Dur^rrg- processing , the metallic film is 

gradually removed, sh§ V^nen the absence of metallic film on 
the substrate ls^l etec t^erg . an endpoint for processing can 
be detected simply by using the light intensityl n^t 
using the spectral reflectance ratio. When the spectral 
25 reflectance ratio varies, depending on the presence or 

absence of metallic film, it is possible to determine the 
presence or absence of metallic film based on not only the 
light intensity, but also variations in spectral 
reflectance ratio . 
3 0 Fig. 10 shows another example of an arrangement of a 

substrate film thickness measurement apparatus of the 
present invention. In Fig. 10, the thin film 2 is formed 
on the substrate 1 and a jet of water is supplied from the 
jet nozzle 5 onto the surface 2a of the substrate 1 on a 
35 side to be processed. A lens 20 is liquid- tightly 
connected to a lower end of the jet nozzle 5, thus 
** preventing leakage of water. The pressurized water 6 is 

transferred to the jet nozzle 5 and supplied in the form of 
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the cylindrical water Jet 4 having a small diameter* from 
the distal end of the Jet nozzle 5 onto a predetermined 
position of the surface 2a of the substrate 1, thereby 
forming the measurement spot 3 . 

Light from a halogen light source 21 is transmitted 
through a lens 22. a beam splitter 23 and a lens 24 to the 
lens 20 on the lower end of the Jet nozzle 5. The light is 
then transmitted through the water jet 4 onto the surface 
2a in the measurement spot 3 on the substrate 1. The light 
reflected by the surface 2a passes through the water Jet 4, 
the lens 20 and the lens 24 to the beam splitter 23. The 
light is divided by the beam splitter 23 and guided through 
a lens 25 to a light -receiving portion 26. The light- 
receiving portion 26 comprises the diffraction grating 13, 
15 the CCD line sensor 14, the A/D convener 15 and the 

calculation unit 16 as shown in Fig. {3j d r comprises the 
light Intensity detecting element 17/^the A/D converter 18 
and the calculation unit 16 as shown in Fig. 9. 

Figs. 11 and 12 show an example of an arrangement of 
20 a polishing apparatus for polishing a surface of a 

substrate according to relative movement between the 
substrate and a polisher, to which the substrate film 
thickness measurement apparatus of the present invention is 
applied. In this polishing apparatus, real-time detection 
25 of the film thiclcness can be conducted during polishing. 
Fig. 11 is a side view, partially in section, of the 
polishing apparatus. Fig. 12 shows the polishing apparatus 
as viewed in a direction indicated by arrows Y. Y in Fig. 
11 . In Figs . 11 and ^tttz^ZGg&TGnGG numeral 30 denotes a 
30 turntable. A polishing cloth 31 is adhe^fed to an upper 

surface of the turiv^able 30^. Reference numeral 32 denotes 
a substrate holder. A substrate 33 to be polished is 
attached to a lower side of the wafer holder 32 and held 
under a predetermined pressure between the substrate holder 
35 32 and the polishing cloth 31. Reference numeral 34 

denotes a guide ring attached to an outer periphery of a 
i0 lower surface of the substrate holder 32 so as to prevent 
displacement of the substrate 33 relative to the substrate 
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20 



25 



30 



holder 32. 

The substrate holder 32 and the turntable 30 are 
rotatable Independently of each other. An abrasive liquid 
is supplied from an abrasive liquid nozzle (not shown) to 
an upper surface of the polishing cloth 31. The surface of 
the substrate 3 3 (the surface which makes contact with the 
polishing cloth 31) is polished according to relative 
movement between the substrate 33 and the polishing cloth 
31 . 

* 

The jet nozzle 5 has the same arrangement as that 
shown in Figs. 1— and^ 2 . A water Jet pipe 36 is connected 

ter supplied 



to the 



, et noz zle 5 . 
water jWL_4yf rom tfeflc3^t nozzle 5 T 

:eiving portlonviS alscharged/through a discharge 



the form of thi 

v a wa^er- 




15 /pipe 37 



reo 

An upper end of the water-receiving portion 3 5 
opens at the upper surface of the polishing cloth 31. The 
water jet 4 from the jet nozzle 5 forms the measurement 
spot 3 on the surface of the substrate 33 , as in the case 
of Figs* 1 and 2. In the drawings, the jet nozzle 5 is 
shown on a larger scale than other portions for clarity. 
Actually, however, the diameter of the jet nozzle 5 is 
small (0.4 mm to 0.7 mm) so as to enable the formation of 

minute spot. 

As in the case^ef-Figs . 1 and 2 , ^tKe~nai^1ral— en4&-of- 



the irradiation fiber 7 and the light-receiving fiber 8 are 
inserted into theH et nozzle 5^. Light fr om the measurement ^ 



calculation unit 9 is guided through the irradiaTtTlon fib 





7 to the jet nozzle 5, and emitted through the water jet 4 
supplied from the Jet nozzle 5 to the measurement spot 3 on 
the surface of the substrate 33 (the surface which makes 
contact with the water jet 4). The light reflected by the 
surface of the substrate 33 passes through the water jet 4 
and the light -receiving fiber 8 and is guided to the 
measurement calculation unit 9 . 

The measurement calculation unit 9 is arranged as 
shown in Fig. 3 or Fig. 9. Power to be supplied to the 
measurement calculation unit 9 and an output signal from 
the measurement calculation unit 9 are transmitted through 
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a rotary connecting portion (not shown) provided on a lower- 
end of a rotary drive shaft for the turntable 30. The 
output signal is transmitted to a display panel (not shown) 
of the polishing apparatus, which displays measurement 
5 results of the film thickness. The output signal is also 
transmitted to a control unit of the polishing apparatus 
for a control operation. The pressurized water is supplied 
to the water Jet pipe 36 through a rotary connecting 
mechanism (not shown) attached to the lower end of the 

10 rotary drive shaft for the turntable 30. 

Thus, by applying the substrate film thickness 
measurement apparatus of the present invention to the 
polishing apparatus, real-time and highly accurate 
measurement of the film thickness of the substrate can be 

15 stably conducted during polishing by means of a simple 
arrangement . 

Fig. 13 is a side view, partially in section, of an 
example of an arrangement of a polishing apparatus to which 
the substrate film thickness measurement apparatus of the 

20 present invention is applied. This polishing apparatus 

differs from that shown in Figs. 11 and 12 in that the jet 
nozzle 5 and the water-receiving portion 35 for receiving 
water ejected from the jet nozzle 5 are provided in the 
vicinity of an outer periphery of the turntable 3 0 so that 

25 the thickness of the film on the surface of the substrate 

33 to be polished is measured outside the turntable 30, In 
this arrangement, polishing is temporarily stopped for 



measuring the film thlckness^ex"tTie sTlbs4^ate 33 , or the 
film thickness is nn i mm il I | n m i I ni u frli it i i part of the 
30 lower side of the wafer holder 32 Is separated from the 
upper surface of the turntable 30 while polishing is 
conducted . 

Fig. 14 is a side view, partially in section, of an 
example of an arrangement of a polishing apparatus to which 

35 the substrate film thickness measurement apparatus of the 
present invention Is applied. The polishing apparatus in 

* this example differs from those shown in Figs. 11 and 13 in 
that the turntable 30 does not rotate about its axis due to 
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the use of a non-rotary mechanism (not shown) but is 
subjected to a circular orbital motion while maintaining 
a distance ^ between the center axis of the turntable 30 
and the axis of rotation of the drive shaft. By this 
5 arrangement, the pressurized water is directly supplied to 
the water Jet pipe 36, not through a rotary connecting 
mechanism. Further, the Irradiation fiber 7 and the light - 
receiving fiber 8 can bo provided so as to extend from the 
measurement calculation unit 9 provided in a stationary 

10 state directly to the jet nozzle 5. 

Figs. 15 and 16 show an example of an arrangement of 
a polishing apparatus to which the substrate film thickness 
measurement apparatus of the present invention is applied. 
Fig. 15 is a side view, partially in section, of the 

15 polishing apparatus. Fig. 16 shows the polishing apparatus 
as viewed in a direction indicated by arrows Y, Y in Fig. 
15. The polishing apparatus in this example differs from 
that shown in Figs. 11 and 12 in that a plurality of spots 
for measuring the film thickness of the substrate (three in 

20 this example) are arranged along a radius of the tu: 



The polishing apparatus in this example alsqj^if^er^ frpn^^^p^ CAcW 
that shown in Figs. 11 and 12 in that three xgets of V the Jet 

nozzleAr the irradiation fiber 7 and the light-receiving^ — 

fiber /Sj are provided respectively, so that measurement of 

25 the frim thickness is conducted at a plurality of 
measurement spots . 

In the polishing apparatus of Figs. 15 and 16, only 
one measurement calculation unit 9 is provided. Light 
reflected at each measurement spot on the surface to be 

30 polished is guided through the water Jet 4 and the light- 
receiving fiber 8 to the measurement calculation unit 9. 
The results of calculation may be outputted from the 
measurement calculation unit 9 in the fom of a plurality 
of data for respective measurement spotp^or may be 

35 outputted in the form of a single piece of data obtained by 
calculating an average of the calculation results regarding 
the respective measurement spots. Alternatively, a 
plurality of measurement calculation units 9 may be 
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provided so that l emoh ^measurement calculation unit 9 





for each measurement poi nr^l ^Vm I i ^ ! $x Sp mpir^urrmont 
calculation units 9 of the same rrsBntoerr^a^that of the 
measurement spots may be provided so that outputs of the 
5 respective measurement calculation units 9 are compiled by 
the control unit of the polishing apparatus . 

Fig. 17 shows an example of an arrangement of a 
polishing apparatus to which the substrate film thickness 
measurement apparatus is applied (a view corresponding to 

10 Fig. 16). This polishing apparatus differs from that of 
Figs. 11 and 12 in that a plurality of measurement 
spots (three in this example) are arranged on the same 
circumferential line having a coaxial relationship to the 
turntable. By this arrangement , measurement of the film 

15 thickness can be conducted at a plurality of times along 
the same circumferential line on the turntable during one 
rotation of the turntable. This enables highly accurate 
measurement of the film thickness. 

Fig. 18 shows an example of an arrangement of a 

20 polishing apparatus to which the substrate film thickness 
measurement apparatus of the present invention is applied 
(a view corresponding to Fig. 16). This polishing 
apparatus differs from that of Figs. 11 and 12 in that a 
plurality of measurement spots are radially arranged (in 

25 this example, 6 spots in total are arranged with two spots 
being arranged along each of tharee radii of the turntable). 
This arrangement is employed, for example, when a plurality 
of substrate holders are moved to the turntable 30 so as to 
polish a plurality of substrates at the same time or when 

30 the relationship between the range or speed of pivotal 

movement of the wafer holder 32 and the speed of rotation 
of the turntable 30 exceeds a predetermined range. The 
reason why a plurality of measurement spots can be formed 
on the turntable is that in the present invention, the 

35 measurement spot can be substantially reduced in size as 
compared to a conventional film thickness measurement 

,w apparatus . 

Fig. 19 is a side view, partially in section, of an 
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example of an arrangement of a polishing apparatus to which 
the substrate film thickness measurement apparatus of the 
present invention is applied. As shown in the drawings, 
the water-receiving portion 35 is formed at an outer 
5 periphery of the Jet nozzle 5 so as to surround the Jet 

nozzle 5 and the water Jet 4. The water-receiving portion 
35 extends through the turntable 30 and the polishing cloth 
31 so as to form a space for receiving water. The substrate 
33 mounted on the wafer holder 32 closes an upper end of 
10 this space, so that the Jet nozzle 5 and the water- 
receiving portion 35 are sealed off from the outside while 
communicating with each other. That^ES'T^the J et-ft^zle 5 

/ C 6? MM iSs^t CA*J&~ ) 

and the water-receiving portion 35( nrn_ nnimnnm r r\ trf\ Ttj th 
each other through the measurement surface of the substrate 
15 33 while they are maintained in a sealed state relative to 
the outside. 

An end of a water supply pipe 71 is connected to the 
Jet nozzle 5 and the other end of the water- supply pipe 71 
is connected to a water tank 73. The water-receiving 

20 portion 35 is connected to the discharge pipe 37, which is 
in turn connected to a discharge pump 7 5 through a rotary 
connecting mechanism 74 . 

Since the Jet nozzle 5 and the water-receiving 
portion 35 are sealed off from the outside and communicate 

25 with each other through the measurement surface of the 

substrate 33 , when the discharge pump 75 is operated so as 
to reduce the pressure in the discharge pipe 37, water 
supplied from the water tank 73 through the water supply 
pipe 71 forms a water Jet and is then discharged through 

30 the discharge pipe 37. Therefore, differing from Fig. 11, 
it is unnecessary to supply water pressurized by a 
pressurizing pump (not shown) to the Jet nozzle 5 through 
the water jet pipe 36. Further, foreign matter such as 
slurry which has flowed into the water-receiving portion 3 5 

35 can be discharged through the discharge pipe 37. 

A pressurizing pump may be provided upstream of the 
water supply pipe 71 so as to supply pressurized water and 
discharge the water through the discharge pump 75. Further, 
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the arrangement of Fig. 19 (connecting the discharge pipe 
37 to the water-receiving portion 35 and the discharge 
pump 75 to the discharge pipe 37) may be a$^t±>ed to a 
polishing apparatus such as shown in Fig. f^jy 1 which 
5 the turntable 30 does not rotate about itsWis but is 
subjected to the circular orbital motion. 

Fig. 20 is a side cross-sectional view of an example 
of an arrangement of a polishing apparatus to which the 
substrate film thickness measurement apparatus of the 
10 present invention is applied. In this polishing apparatus, 
a window 84 comprising an opening which has or does not 
have a light- transmitting member is provided, at a portion 
of the turntable 30 corresponding to the center of rotation 
thereof. Light L from a light source 81 is formed into a 
15 parallel beam LI by a first lens 32} a}id the parallel beam 

LI is guided through a beam splitter 83 into the window 84, 
The beam LI is then reflected by a mirror 85 and enters a 
third lens 86. The beam passes through an 
irradiation / light - receiving synthetic fiber 80 and the 
20 water jet 4 from the jet nozzle 5 and is emitted to the 
measurement surface of the substrate 33. 

The light reflected by the surface of the 
substrate 33 is guided through the water jet 4 and the 
irradiation/light-receiving synthetic fiber 80 to the third 
25 lens 86. Further, the light is guided through the mirror 

85, the window 84, the beam splitter 83 and the second lens 
87 to a detector 88, where measurement of the film 
thickness is conducted . 

Thus, transmission of light between an optical system 
30 (including the mirror 85 and the third lens 86) provided 
within the turntable 30 and an optical system (including 

e/1?irst^lr^fi s 82, the beam splitter 83 and the second leiVs J 



^i^X^vs^Kprovided outside the turntable 30 is conducted 



through the window 84 at the center of rotation on the 
3 5 upper surface of the turntable 3 0 ( the surface on a side 
remote from a rotary shaft 30a). Therefore, it is 
unnecessary to rotate the optical system provided outside 
the turntable 3 0 synchronously with rotation of the optical 
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system provided within the turntable 30. 

For example, if the mirror 8 5 of the optical system 
within the turntable 30 is displaced from the center of 
rotation of the turntable 30, since the mirror 85 rotates 
5 in accordance with rotation of the turntable 30, the 

optical system (including the beam splitter 83) provided 
outside the turntable 30 mus;t be rotated synchronously with 
rotation of the mirror 85^) In order to conduct transmission 
of light between the mirror 85 and the beam splitter 83. 

10 However, In this example of the present invention, the 
mirror 85 is provided at the center of rotation of the 
turntable 30 and transmission of light is conducted through 
the window 8 4 at the center of rotation on the upper 
surface of the turntable 30. Therefore, it is unnecessary 

15 to rotate the optical system provided outside the turntable 
30. 

Further, light is transmitted in the form of the 
parallel beam LI between the mirror 85 and the beam 
splitter 83, so that there is no problem of twisting due to 
20 rotation. Further, there is no light passing through the 
rotary shaft 3 0a, so that it is easy to conduct alignment 
of an optical axis. Further, only the irradiation/light - 
receiving synthetic fiber 80, the third lens 86 and the 
mirror 85 are provided within the turntable 30, so that no 
25 lafg&L space is required for installation in the turntable 

it is unnecessary to balance the turntable 30 as a 
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When the window 84 is an opening having no light- 
transmitting member, in order to prevent entry of slurry 
into the opening, a dam-like member 8 9 is formed around the 
window 84 . Instead of the dam-like member 89 , a groove may 
be formed around the window 84 so as to receive a flow of 
slurry- When the window 84 includes the light- transmitting 
member, entry of slurry can be prevented by providing the 
35 light- transmitting member at a higher position than the 

upper surface of the turntable 30. 
* In the substrate film thickness measurement 

apparatuses fifr the above examples, the water jet 4 is 
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supplied from the jet nozzle 5. However, a liquid other 
than water may be supplied from the Jet nozzle 5, as long 
as the liquid is capable of transmitting light. That is, a 
light -transmitting liquid other than water may be ejected 
5 from the Jet nozzle 5 so as to form a flow of the light- 
transmitting liquid in a cylindrical form. Further, the 
jet nozzle 5 may not necessarily be provided as a nozzle 
exclusively used for measurement of the film thickness . 
For example, a nozzle which ejects a cleaning liquid 

10 for cleaning a substrate may be used so that light is 

transmitted through a jet of cleaning liquid supplied onto 
the measurement surface of the substrate and the light 
reflected by the measurement surface is guided through 
the jet of cleaning liquid to the measurement calculation 

15 unit 9. 

In the above-mentioned examples, the turntable 30 
having the polishing cloth 31 adhered thereto and the wafer 
holder 3 2 are used , and the substrate 3 3 is held between 
the wafer holder 32 and the polishing cloth 31. so as to 

20 polish the substrate 33 in accordance with relative 

movement between the substrate 33 and the polishing cloth 
3 1 . However , this does not limit the arrangement of the 
polishing apparatus in the present invention. For example, 
an abrasive plate may be attached to the upper surface of 

25 the turntable 30 so as to polish the substrate in 

accordance with relative movement between the abrasive 
plate and the substrate. The arrangement of the polishing 
apparatus is not particularly limited, as long as it is 
capable of polishing the surface of the substrate in 

30 accordance with relative movement between the substrate and 
a polisher. When the substrate film thickness measurement 
apparatus of the present invention is applied to the 
polishing apparatus having the above-mentioned arrangement, 
real-time and highly accurate measurement of the film 

35 thickness of the substrate can be stably conducted during 
polishing . 

Fig. 23 shows an example of an arrangement of a 
substrate cleaning apparatus to which the substrate film 
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thickness measurement apparatus of the present Invention is 
applied. Reference numeral 51 denotes a substrate such as 
a semiconductor wafer. The substrate 51 includes a thin 
film formed thereon, which film is to be measured. The 
substrate 51 is held by a substrate holding mechanism 52 
having a plurality of substrate holding members 53 (£??==S7 



Vs^f^e; such that the thin film formed on the substrate 51 
faces upward, and is rotated in a direction indicated by an 
arrow A in Fig. 23. Reference numeral 55 denotes a pencil 
10 type cleaning device. The pencil type cleaning device 55 
is supported by an arm 57 through a rotary shaft 56, and 
rotated in a direction indicated by an arrow B in Fig. 23. 
A cleaning member 5 8 such as a sponge is connected to a 
distal end of the cleaning device 55. 
!5 Reference numeral 59 denotes a cleaning liquid nozzle. 

As shown in Fig. 24, an Irradiation fiber 60 and a light- 
receiving fiber 61 are inserted into the cleaning liquid 
nozzle 59. The Irradiation fiber 60 and the light-receiving 
fiber 61 are connected to a measurement calculation unit 62 . 
20 The arm 5 7 is pivot ally moved about a supporting shaft 63 

in a direction indicated by a double-headed arrow C in Fig. 
23. The arm 57 is also vertically movable as indicated by 
a double-headed arrow D in Fig. 23. 



25 transmitting cleaning liquid (mainly water) is ejected from 
the cleaning liquid nozzle 59. While the cleaning device 
55 which is rotating is pivotally moved, the cleaning 
device 5 5 is pressed against an upper surface of the 
substrate 51, to thereby conduct cleaning. The cleaning 

30 liquid ejected from the cleaning liquid nozzle 59 forms a 
measurement spot 64 on the upper surface of the substrate. 
Light is emitted from the measurement calculation unit 62 
through the irradiation fiber 60 and a cleaning liquid flow 
6 5 to the thin film on the substrate 51 in the measurement 

35 spot 64. The light reflected by the thin film is guided 

through the cleaning liquid flow 6 5 and the light -receiving 

^ fiber 61 to the measurement calculation unit 62 . By this 
arrangement, the thickness of the thin film formed on the 





In this substrate cleaning apparatus, a light- 
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substrate 51 (or, if desired, the presence or absence of 
the film on the substrate 51) can be measured, by the 
measurement calculation unit 6 2 during cleaning . In Fig . 
24, reference numeral 70 denotes a cleaning liquid pump for 
5 supplying the cleaning liquid to the cleaning liquid nozzle 
59 . 

Fig. 25 shows an example of an arrangement of a 
substrate cleaning apparatus to which the substrate film 
thickness measurement apparatus of the present invention is 

10 applied* This substrate cleaning apparatus comprises a 

rotatable roll type clean J^vgr device 6 6 which has a cleaning 
member 6^ such as a sponqr^ provided on an outer circum- 
ferentlarsurface thereorr The substrate 51 is held by a 
plurality of spindles 6 9 each having a spinning top 68, and 

15 rotated in a direction Indicated by an arrow E in Fig. 25. 

The cleaning device 6 6 which is rotating is pressed against 
the substrate 51 which is also rotating, and cleaning of 
the upper surface of the substrate 51 is conducted while 
the cleaning liquid is ejected from the cleaning liquid 

20 nozzle 59 , 

As shown In Fig. 24, the irradiation fiber 60 and the 
light-receiving fiber 61 are inserted into the cleaning 
liquid nozzle 59. The Irradiation fiber 60 and the light- 
receiving fiber 6 1 are connected to the measurement 

25 calculation unit 62. The cleaning liquid ejected from the 
cleaning liquid nozzle 59 forms the measurement spot: 64 on 
the upper surface of the substrate. Light is emitted from 
the measurement calculation unit 62 through the Irradiation 
fiber 60 and the cleaning liquid flow 65 to the thin film 

30 on the substrate 51 in the measurement spot 64. The light 
reflected by the thin film is guided through the cleaning 
liquid flow 65 and the light-receiving fiber 61 to the 
measurement calculation unit 62. Thus, as in the case of 
the substrate cleaning apparatus of Fig. 23, the thickness 

35 of the thin film formed on the substrate 51 (or the 

presence or absence of the film on the substrate 51) can be 
« measured during cleaning. 

Tn the substrate cleaning apparatuses of Figs. 23 and 
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25, the substrate film thickness measurement apparatuses 
having arrangements shown in Figs. 1 and 2 are provided. 
However, this does not limit the present invention. The 
substrate film thickness measurement apparatuses having 
5 arrangements shown in Figs. 4 and 10 may be provided in the 
substrate cleaning apparatuses of Figs. 23 and 25. 

Fig. 2 6 shows an example of an arrangement of a 
substrate processing apparatus to which the substrate film 
thickness measurement apparatus of the present invention is 

10 applied. This substrate processing apparatus comprises the 
turntable 30 and the wafer holder 32. The substrate 33 is 
subjected to processin^uch as pollshir^t^ pressing the 
substrate 33 held by the wafer holder 32 against the 
polishing cloth 31 on the turntable 30. Light L from a 

15 light source 90 is formed into the parallel beam LI by a 
first lens 91 and passes through a beam splitter 92. The 
light then enters a window 9 3 provided on the turntable 3 0 
at a position corresponding to the center of rotation of 
the turntable 30 on a side opposite to the drive shaft . 

20 The window 93 comprises an opening which has or does not 

have a light -transmitting member. The parallel beam LI is 
reflected by a first mirror 94 and a second mirror 95 , and 
passes through a second lens 96 and the window 97. The 
beam is emitted from the window 97 so as to focus on the 

25 surface of the substrate 33 on a side to be polished. 

The light reflected by the surface of the substrate 
33 passes through the second lens 96 and is reflected by 
the second mirror 95 and the first mirror 94. The light 
then passes through the window 93 and the beam splitter 92 

30 and enters a CCD camera 98. The CCD camera 98 processes 

the reflected light and takes an image of the surface of 

the substrate 33. The CCD camera 98 quickly detects 

.particles on the surface of the substrate 33 or makes 
far* J 

J observation with regard to a condition of the surface of 
the substrate 33, such as cracking of the substrate 33. 

When the substrate film thickness measurement 
apparatus of the present invention is applied to an 
apparatus for forming a film on a substrate, such as a CVD 
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apparatus or a plating apparatus, or a substrate processing 
apparatus for polishing or removing the film formed on the 
substrate, It is possible to measure the thickness of the 
film formed on the substrate, or d^t^t\ or observe a 
5 condition of the substrate, such ks Wsence or absence of 
the film on the substrate. Especially, In the substrate 
processing apparatus, when use is made of a conventional 
means to eject a processing liquid for ejecting a light- 
transmitting cleaning liquid or other various processing 

10 liquids onto the substrate, measuremeny-o^^t^e film 
thickness or detection or observation <{f ^rjefsence or 
absence of the film can be easily and quickly conducted by 
using such means. 

As is apparent from the above, the present invention 

15 is advantageous In the following points. 

When the length of a jet of a light- transmitting 
liquid supplied onto_a measurement surface of the substrate 
is small, the diameter \>f the jet of liquid is substan- 
tially unif 

ore, the size of a measurement 

2 0 spot formed on^t^emeasurement surface is determined, 

regardless pfL the distance belw&en a position f roflrr~"wriich 

vie A ->h o( T*t **<rvuJL) ) / 
the__^iquid r^Aigc tedva nd the measurement surf aqe^T thus^ 




limin atiinc^ tbfeneed toNstnctly control the abo 

mentioned dl ^fe^sice^an r l Tnnlil 1 nm highly accurate measurement 

( C*ij ^ 

25 of the fllmx ^hicKnessy ^When use is made of a means such as 

a conventional nozzle to supply a cylindrical jet of light- 
transmitting liquid such as water or a chemical onto the 
measurement surface, the film thickness can be measured by 
utilizing a jet of the light -transmitting liquid formed by 
30 such a means. Therefore, the apparatus does not need to be 
modified to a large exteryr^aAd real-time measurement of the 
film thickness of the subVtrate can be conducted during 
processing . 

It is unnecessary to control the distance between the 
35 distal end of the optical fiber and the position from which 
the water is ejected and the measurement surface. Further, 
' highly accurate measurement of the film thickness can be 
conducted . 
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It Is unnecessary to control the distance between the 
lens and the position fpqrn which the water is ejected and 



5 fiber for irradiation and the optical fiber for receiving 
light are not inserted Into a flow of light-transmitting 
liquid, so that it is possible to prevent deformation of 
the flow of light- transmitting liquid. 

By operating the discharge pump, the pressure in 

10 the discharge pipe is reduced and the light -transmitting 
liquid flows into the light- transmitting liquid nozzle 
through the supply pipe. Thus, the light- transmitting 
liquid is supplied in a cylindrical jet form from the 
nozzle and makes contact with the measurement surface of 

15 the substrate, and flows into the discharge pipe through 

the light transmitting liquid-receiving portion, Therefore, 
it is possible to form a cylindrical jet of /^light- 
transmitting liquid for measurement of the film thickness, 
without using a pressurizing pump. Foreign matter such as 

20 slurry which has flowed into the light transmitting liquid- 
receiving portion is discharged through the discharge pipe. 

Real-time measurement of the film thickness can be 
conducted during processing, without causing any damage to 
the measurement surface of the substrate being processed. 

25 When measurement of the film thickness can be conducted in 
an operation for removal of a surface layer, which is an 
object of the use of CMP, an endpoint for removal of the 
surface layer, that is, a time point at which the thickness 
of the surface layer becomes zero, can be detected. 

30 The turntable can be mechanically separated from a 

mechanism provided outside the table while an optical 
connection therebetween can be maintained. Therefore, it 
is unnecessary to rotate the optical system provided 
outside the turntable synchronously with rotation of the 

35 optical system provided within the turntable, so that an 
apparatus having a simple arrangement can be obtained. 



the film thickness can 





accurate measurement of 
Further, the optical 
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SUBSTRATE FILM THICKNESS MEASUREMENT METHOD 
SUBSTRATE FILM THICKNESS MEASUREMENT APPARATUS 
AND SUBSTRATE PROCESSING APPARATUS 

ABSTRACT OF THE DISCLOSURE 

A jet of water in a cylindrical form is supplied from 
a Jet nozzle onto a measurement surface of a substrate to 
form a column of the water extending between the nozzle and 
the measurement surface. Light is emitted from an 
irradiation fiber and transmitted through the column of 
water to the measurement surface. The light reflected by 
the measurement surface is received by a light -receiving 
fiber through the column of water. A measurement 
calculation unit measures the thickness of a film formed on 
the substrate, based on the Intensity of the reflected 
15 light. 
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